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Abstract : Hie magnetic susceptibility for the complexes (C„H2,H.iNIl3)2EeCl4 was 
measured over a wide temperature range which indicated magnetic and structural phase 
transitions. Tlie large negative 9 values, obtained from the experimental data, indicates the 
anti ferromagnetic character of the complexes. The values of the magnetic constants agree well 
with the reported values. Tlieorelical fitting to die experimental data were carried out using high 
temperature series expansion with modification due to a small applied magnetic field The 
exchange interaction constan t/A , obtained from the theoretical model, increases with the 
increase of the number of carbon atoms in the system indicating the increase of the 
antiferromagneuc interaction in the layer and a decrease in the ferromagnetic component by 
increasing the layer spacing.
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1. Introduction
Several interesting structural changes in the high tem perature region are known to occur 
in the com plexes o f the general fonnuia (C„H2;,+iNH3)!FeCl4,n  = 1, 2, 3 and 4 as also 
observed in the isom orphous series in which the Fe is replaced by Mn**, and Cd*'^. 
D ifferen t techniques such as, d ifferential therm al analysis (DTA) [1], b irefringence 
m easurem ents [2], X -ray diffraction neutron diffraction [3] and group theoretical analysis
[4] revealed  a strange sequence o f  phase transition starting from  the high tem perature 
tetragonal phase I4 m mm leading to orthorhom bic phase Cmca. A t low er temperatures, the 
structure changes again to tetragonal symmetry. The com plex (CHjNHs^FeCU shows the 
following structural transition
^  .  r= 2 3 «  K „  r= 3 2 «  K _  ^  ,
Tetragonal <----------------> Orthorhombic <----------------* Tetragonal.
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The orthorhombic crystal structure [5] has a unit cell with a = 7.27 A, b = 7.235 A and 
c = 19.4 A. Regardless of the temperature range, the different phases can be described by
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Figure 1. (a) Schematjc projection on the layer plane of the orthorhombic pha5e Cmca 
of the lavcred structure.
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Figure 1. (b) Schrmatic projection on the layer plane of the tetragonal phase.
tw o dim ensional layers stacked norm al to the longest crystallographic axis with the 
interlayer distance o f 9.6 A. Each layer is represented by a series o f octahedron with Fe in 
the center and Cl in the comers. The octahedron bonded to four others form an infinite two
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dim ensional layers. The N H 3 groups are located between the layers forming hydrogen 
bonding with Cl. The C H 3 groups are directed towards the adjacent layers linking them by 
van der W ails’ forces. The C -N  bonds are located on m irror planes and tilted relatively to 
the long axis with an angle o f 20.13° at room  temperature and 22.09° at lower temperature. 
In the orthorhom bic phase, the shorter hydrogen bond length N -H 2-C I2 is 3.234 A and lies 
approxim ately parallel to the layer on the m irror plane. The other two hydrogen bonds 
N -H i-C l (3.345 A) are symmetric and ate connected to the com er sharing atoms. There are 
two additional equivalent hydrogen bonds N -H 3-C I 2 witli lengths o f 3.427 A m aking 
the chlorine atom s to lie in the Fe plane as in Figure 1. ITicse five hydrogen bonds may 
be interpreted as a superposition o f three different orientations of the methyl-ammonium 
group, one o f  them  is the m ost probable one, while the other two are equivalent and 
correspond to the bonding scheme in the orthorhombic phase with the three hydrogen bonds 
N -H 1-C I2, N -I^ -C l]  and N -H ^-Cls, the latter lying approximately parallel to the layer 
plane. Thus the m ethyl-am m onium  group (C H 3N H 3) associated with the three bonding 
planes are related to the flipping of the C -N  bond around a point located in the m irror 
plane. The flipping centers lie between carbon and nitrogen but closer to nitfogen.
2. E x p erim en ta l
All chem icals used in the present work were in analar grade (BDH). The samples were 
prepared by dissolving RN H 3CI and FeCl2.4H20  in the molar ratio o f 2 : 1 respectively, 
where R = C H 3, C2H ,^ C 3H7 and C4HQ. A stream of niu-ogen (oxygen free) gas was bubbled 
through the alcoholic solution to obtain oxygen free atm osphere and to prevent the 
oxidation of F e’"’ ions in the solution. Few drops of mialar HCl should be added to the 
solution. The solution was heated at 60°C for about 2 hours until it was reduced to l / 3  of 
Its original volume. Plate like crystals were obtained upon cooling. The crystals were 
washed with a mixture o f ether and ethanol in the ratio o f 3 : 1 after which the samples were 
dried in a  vacuum dessicator. Before m easuring the m agnetic su.sceptibility, chem ical 
analysis was carried out to a.scertain the chemical comjxisition of the samples. The samples 
were ground in a glove box filled with pure nitrogen gas and packed in the susceptibility 
tube. The filled susceptibility tubes were completely sealed by tin epoxy resin.
The magnetic susceptibility was m easured using the conventional G ouy’s method. 
The m easurem ents were carried out using liquid nitrogen cryostat specially designed for 
(jouy method.
The tem perature o f the sam ple was m easured using T-type thermocouple with the 
reference junction  in liquid nitrogen. The accuracy o f m easured tem peratures was better 
th a n ± l° C .
3. Results and discussion
Experimental result:
As it w as observed from the experim ental data shown in Figure 2a, the com plexes of 
the general form ula (C„H2„+iNH3)iFeCl4,n  = 1, 2, 3 and 4, have the same general features
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Figure 2. (a) Relation between absolute temperature and magnetic susceptibility Xf^ of  
(C„H2 «+iNH3 )2 FeCl4 , /i = I, 2, 3 and 4. (b) (CH3 NH3 )2 FeQ 4 , (high temperature part).
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o f susceptib ility  versus absolute tem perature except tbe com pound with n = 2. The 
com pounds w ith n = 1, 3 and 4 give a  very sharp spike in the low tem perature region 
superim posed on an alm ost constant background in the high temperature region except for 
the structural phase transition.
Tmblc 1. A list of the Curie>Wei$s constaDt (0), Cune-coiatant (C) and effective 
magneac moment Oieff)- In the teiT^)erature range from 130 K Ip 330 K.
Complex 9 C
(CH3NH3)2F e a 4 \
r> 2 4 0 K - 20 0± 1.0 , 4.13 5.75
1 r < 2 2 0 K -150 ±15 3.23 5.09
(C3H7NH3)2FeCl4 130 ±7.0 3.60 5.40
(C4H9NH3)2FeCl4 -130 ±5.0 3.30 5.20
*T is the absolute temperature.
The large negative 6 values are indicative of su'ong antiferomagneuc interaction. It is 
w ell know n that these c o m j^ x e s  exhibit several structural phase transitions in tbe 
param agnetic region. Some authors [1.2] reported tbe appearance o f structural changes from
Figure i .  The DTA results.
m agnetic susceptibility data, w ith the transition tem perature lying m idway between the 
m axim um  .and the minim um . Figure 2b is a  typical curve for the high tem perature phase 
transition in (CH 3N H 3^ FeC l4. The peaks resulting from the structural phase transitiem are 
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not very strong, they vary between 6 and 10% above the average value o f the susceptibility. 
A small peak appeared at ~328 K and a broadhum p occurred at ~231 K. The third peak, 
found a t -1 5 0  K, is thought to be o f magnetic origin.
The DTA spectrum (Figure 3) shows the structural phase transition supporting the 
susceptibility data. For the isotropic models, the theoretical argument predict the absence o f  
ordeijng in the 2-d. Heisenberg and X-Y models [6,7]. In the presence o f long-range order, 
the ideal 2-d Heisenberg and X-Y models behave as the linear chain  m odel. There is, 
however, one fundamental difference between them indicated by the analysis o f  the high- 
temperature series expansion for the initial susceptibility in the limit H -* 0 .
Rushbrooke and Wood [8] pointed out that the series expansicm for 2-d non-isotropic 
lattices suggested the existence of finite temperature at which the m agnetic susceptibility 
diverges ju s t as the case o f 3-d non-isotropic lattices w here these tem peratures are 
commonly identified with the transition to long-range order. Such identification can not be 
possibly made for the isotropic 2-d lattice [9].
In case of antiferromagnetic organic complexes, as studied here, a  broad maxim um  
in magnetic susceptibility due to the short-range order effects should be found at the high 
temperature whereas at T = 0, the susceptibility should attain a  finite value.
Theoretical results:
The series expansion of paramagnetic susceptibility in powers o f reciprocal tem perature 
has been calculated [8] for arbitrary spins, and over a  wide range o f lattice sU'uctures, to 
sixth order terms for the nearest neighbor Heisenberg spin system. The series arc valid 
for either sign o f exchange parameter J, the sign changes in going from the ferrom agnetic 
to antiferrom agnetic system, causing the antiferrom agnetic series terms to alternate in 
sign and the resulting susceptibility do not exhibit singularity at the phase transition 
temperature [10 ].
Fot the quadratic layer Heisenberg antiferromagnet with exchange Hamiltonian
H ^ ' ^ J S r S j ,  ( 1 )
nn
where ^  runs over all pairs o f nearest neighbor spins i and  j ,  the sim plest series
nfi
(numerically) is that for reciprocal susceptibility for which we find [1]
Jx
= 3 ^ + y
La  0 B-1
/l=l
(2)
where 9 -  kT f JS(S + 1), g  is the Land& g factor, Hb d»e Bohr m agneton, N  the num ber o f 
spins in the lattice and the values o f  the coefficients C„ calculated  from  the general 
formalism o f Ref. [8], are displayed in Table 2.
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F or a  certain value o f the param eter J /k ,  the series expansion (2) determ ines the 
susceptibility as a  function o f the tem perature T. A  fitting program, based* on the least 
square m ethod and on an iteration numerical technique, was developed to determine the
Table 2. Coefficients C„ of senes (2) for several different values of spin.
5 =  1 / 2 5 =  1 5 = 3 /2 5 = 2 5 = 5 /2
Cl 4.0 4.0 4.0 4.000 4.000
a 2.667 1.834 1.600 ' 1.500 1.448
C3 1.185 0.445 0.304 0.252 0.228
C4 0.149 0.224 0.249 0.258 0.262
C5 -^.191 0.132 0.132 0.124 0.119
C6 0.001 0.019 0.013 0.015 0.017
Table 3. The calculated values of J /k  for each complex using eq. (2).
Com[dsx Magnetic field Oe J /k
(CH3NH3)2F e a 4 370.0 -54.6075
(C2HsNH3)2Fea4 1820 14.0795
(C3H7NH3)2FeCl4 1820 92.6851
(C4H9NH3)2F e a 4 1820 107.4030
(C3H7NH3>2FeCl4 2400 99.8620
(C4H9NH3)2FeCl4 370.0 113.1190
(CH3NH3)2F e a 4 1820 2,16455
values o f J /k  from  best fitting to the experim ental results o f x  ^  different small m agnetic 
fields over the tem perature range {T = 80-240 K) for the compounds was shown in Table 3. 
The M athem atica package (version 2.2) was used for this puipose.
n«2 r«xw»
n«3 ^S!!LK>QMb>
•Xm*.
(•)
IIP 110 HO 110
Figore 4. (a) The experimental and theoretical results of the molar magnetic susceptibility 
fOT the con^lexes (Q,H'7i,4.iNH^>iFea^. n « 2. and 4
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Figures 4(a-c) show the experimental and theoretical results for the suscepdbUity x  
against the absolute temperature T. The figures exhibit that the best fit is obtained for the
Figure 4. (b) ExpenmeotaJ and theorebca] results ot Xj^  f9^  0 )  (CH3NH3)2FeQ 2B ^ at 
/ / =  1820 Oe and (2) (CH3NH3>2F e a 4 at = 370 Oe.
complex of the smallest number of carbon atoms at magnetic field He s  1820 Oe. in the 
high temperature regitxi.
Figure 4. (c) Experimental and theoretical results for the complex (C3H7NH3l]FeCl4 at 
A -2 4 0 0 0 ea ]id  1820Oe.
4. Conclusions
(1) The value of J / k  increases when the number of carbon atoms in the complex 
increases.
(2) The value of J /k  decreases when the value of the ai^ilied magnetic f i ^  decreases.
Theoretical fitting for the magnetic susceptibility etc 203
Rrfcirnces
11] G Cliapins, II Arend and K Kind Phys, Stat. SoMi (a) 31449 (1975)
12] K Knotr, 1R John and G Heger Solid State Commun. 15 231 (1974)
13] H Arend. R Hofmann and J FeLsche Fenoelectrics 8 413 (1974)
|4] J Pet7.elt I  Chem. Phys. Solids 36 1006 (1973)
{5j J 0  Ke.sler and A R More Rev. Sci. Instmn. 33 478 (1962)
[6] N D Mermin and H Wagner Phys. Rev. Lett. 17 1133 (1966)
[7] P C Hohenberg Phys. Rev. 158 383 (1967)
[8] G S Ruslibrooke and P J Wood Mol. Phys. 1257 (1958)
[9] H E Stanley and T A Kaplan Phvs. Rev. Lett. 17913(1966)
110] M E Lines J. Phys. Chem. Solids 31 101 (1970)
